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SUMMARY

Between 1 and 22 March 2003, a nosocomial outbreak of Severe Acute Respiratory Syndrome

(SARS) occurred at the Communicable Disease Centre in Tan Tock Seng Hospital, Singapore,

the national treatment and isolation facility for patients with SARS. A case-control study with 36

cases and 50 controls was conducted of factors associated with the transmission of SARS within

the hospital. In univariate analysis, contact with respiratory secretions elevated the odds ratio to

6.9 (95% CI 1.4–34.6, P=0.02). Protection was conferred by hand washing (OR 0.06, 95% CI

0.007–0.5, P=0.03) and wearing of N95 masks (OR 0.1, 95% CI 0.03–0.4, P=0.001). Use of

gloves and gowns had no effect. Multivariate analysis confirmed the strong role of contact with

respiratory secretions (adjusted OR 21.8, 95% CI 1.7–274.8, P=0.017). Both hand washing

(adjusted OR 0.07, 95% CI 0.008–0.66, P=0.02) and wearing of N95 masks (adjusted OR 0.1,

95% CI 0.02–0.86, P=0.04) remained strongly protective but gowns and gloves had no effect.

INTRODUCTION

Singapore was one of the countries most affected in

the first outbreak of severe acute respiratory infection

(SARS), with a total of 238 cases occurring between

1 March and 5 May 2003 [1], out of a global total of

8098 probable cases that occurred worldwide between

1 November 2002 and 31 July 2003 [1].

The epidemiological and microbiological evidence

thus far indicates that the aetiological agent, now

designated the SARS coronavirus (SARS-CoV) [2–4],

spreads predominantly from person-to-person. Infec-

tion mainly occurs either via the projection of virus-

bearing respiratory droplets onto mucous membranes

of the eyes, nose and mouth across a short (arbitrarily

defined as 1 m) distance, i.e. droplet transmission [5, 6],

or viadirect or indirect (involving fomites) contactwith

an infected source patient, i.e. contact transmission

[6]. Contact transmission is especially likely among

health-care workers (HCWs). Spread by fomites de-

pends on the survivability of the virus in the environ-

ment, which for SARS has been demonstrated to be as

long as a fewdays [7].Anunusual route of transmission

was implicated by epidemiological investigation of an

outbreak in a Hong Kong apartment block, in which

it was hypothesized that exhaust fans causing back-

flow of air through a faulty sewage system may have

been responsible for the widespread circulation of

virus-bearing faecal droplets throughout the building

[8]. The subsequently reported clinical presentation of

these cases, however, supports possible faecal–oral

transmission as an alternative hypothesis [4].

Apart from ‘superspreaders’, for which phenom-

enon the specific host and/or environmental factors
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responsible remain to be elucidated [7], the infec-

tiousness of SARS is in general less than that of most

other respiratory infections. Despite numerous un-

protected exposures, no transmission occurred among

HCWs in the United States [9]. Estimates of the basic

reproduction ratio R0, average around 3 [7], com-

pared to estimates of 11–18 for measles [10, 11] and up

to 30 for influenza [12, 13]. Case-fatality ratios ranged

from 0% to over 50%, with the overall case fatality

estimated at approximately 15% [7]. In Singapore,

the case-fatality ratio was 13.6% [14].

A hallmark of the SARS outbreak in affected

countries was the amplification of transmission that

occurred within health-care settings [7]. The occur-

rence of hospital and nursing-home clusters involving

staff and patients caused much alarm. Initial percep-

tions of infectiousness were coloured by the apparent

efficiency and unpredictability of nosocomial trans-

mission of SARS [7, 15]. Several high-profile fatalities

among HCWs both locally and internationally [16,

17] also led to unduly grim perceptions of its viru-

lence. Scientific studies were urgently undertaken to

ascertain the risk level associated with various

therapeutic settings and procedures and inform rec-

ommendations on the use of personal protective

equipment (PPE) by HCWs [18].

This report presents results of a case-control study

of the risk and protective factors for nosocomial

transmission of SARS in Tan Tock Seng Hospital

(TTSH), Singapore in an outbreak which affected a

total of 44 HCWs.

Chronology of events

On 6 March 2003, the Ministry of Health, Singapore

was notified of a cluster of atypical pneumonia in

three patients with a preceding history of travel to

Hong Kong [8]. The health authorities having been

alerted by the World Health Organization (WHO),

these and subsequent patients were isolated at a

central location, the Communicable Disease Centre

(CDC) at TTSH. On 22 March, TTSH, Singapore’s

second largest general hospital, was designated as the

central referral, screening and treatment centre for

SARS. The CDC is a specialist facility with a national

role, staffed by experts in clinical infectious diseases,

hospital infection control and public health.

The nosocomial outbreak in TTSH began shortly

after the admission on1Marchof the first index patient

(case 1), a 23-year-old female who had returned from

a visit to Hong Kong. She was managed initially as

for straightforward community-acquired pneumonia.

After 5 days, a deterioration in her condition, which

coincided with recognition of a second index case

(case 2), raised suspicions that led to her being iso-

lated 5 days after admission. Shortly after, clusters of

cases emerged in three separate wards, all traceable to

case 1. She had already infected 23 cases, including 13

HCWs, before she was isolated. No secondary cases

arose from case 2. Case 3, a secondary case to case 1,

was admitted to another ward where she infected a

total of 20 persons, including 10 HCWs before she

was isolated 3 days later. An in-patient (case 4) who

shared a cubicle with case 3 was subsequently trans-

ferred to a coronary care unit when her clinical con-

dition deteriorated. Before her isolation 8 days later,

she had infected a total of 26 persons, including 21

HCWs. Over 21 days, secondary and tertiary trans-

mission occurred within the hospital from source

cases 1, 3 and 4, involving a total of 44 HCWs and

25 patients (Fig.).
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Fig. Source cases for SARS transmission among health-care
workers (HCW) and selection of cases and controls in the
study.
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Enhanced personal protective measures

By the end of the first week of March, HCWs were

employing N95 masks for personal protection when

nursing case 1 and her contacts. These are health-care

particulate respirators with at least 95% filtration

efficiency against non-oily, solid and liquid aerosols

[17]. By the end of week 2 PPE against contact,

droplet and respiratory transmission had been adop-

ted by HCWs attending patients in areas involved in

SARS screening or treatment (intensive care unit,

emergency department and communicable disease

wards). By 22 March 2003, N95 masks were required

when treating any patient in the hospital. Beginning

6 April 2003, the wearing of gloves, gowns and N95

masks was enforced for contact with all patients in

the hospital, with visors additionally advised for pro-

cedures with a risk of splashing. On 25 April 2003,

goggles were made mandatory for all patient contact.

Later, a requirement of positive air purifying res-

pirators (PAPR) for high-risk or aerosol-generating

procedures was also imposed. Beyond 22March 2003,

no further intra-hospital transmission occurred.

MATERIALS AND METHODS

Subjects

HCWs with probable SARS admitted between 1 and

31 March 2003 were recruited as cases. Diagnosis

was based on WHO’s criteria of documented fever

(temperature>38 xC), presence of cough, shortness of

breath or breathing difficulty, and a significant history

of exposure to a SARS patient not more than 10

days prior to onset of symptoms, plus radiographic

evidence of infiltrates consistent with pneumonia or

respiratory distress syndrome (RDS) on chest X-ray

(CXR) [20]. HCWs in whom an alternative diagnosis

was eventually established were excluded from the

list of probable SARS cases and also from the study.

All cases included were subsequently confirmed by

a positive serology result performed at the national

referral laboratory.

We initially selected as controls all HCWs from

SARS-affected wards who reported exposure to

patients with probable SARS during the same period

but who remained well. To establish exposure, respon-

dents were asked if they had cared for any person on

the list of probable SARS patients. Exposure was

deemed to be definite where there was a history of

being within close physical proximity (1 m) of a

patient subsequently confirmed with SARS. For all

patients not subsequently confirmed by serology,

controls were excluded from final analysis.

Epidemiological investigation and data collection

Telephone interviews with cases and controls were

carried out using a closed questionnaire by staff

experienced in epidemiological investigations from

the Department of Clinical Epidemiology of TTSH.

Information collected included demographic data

(age, gender and ethnic group), occupation, history of

medical conditions and vaccinations within the pre-

vious 5 years and history of performing procedures

with transmission risk (date, place, type, duration and

frequency). Incubation periods were estimated by as-

certaining from subjects the date of onset of their first

symptom and dates of first and last exposure. In cases

with exposure to more than one SARS case, the

source of infection was assigned based on the most

likely range of incubation of 2–10 days. Subjects were

questioned on their compliance with recommenda-

tions for personal protection, i.e. wearing of N95

masks, gloves, gown and consistent hand washing

after patient contact.

Statistical analysis

For statistical analyses, differences in proportions

observed between cases and controls were compared

using x2 or Fisher’s exact test. Probability (P) values

of less than 0.05 were considered significant. Factors

found to be significant in univariate analysis were

included in forward logistic regression analysis. Poten-

tially confounding covariates were selected among

thosewherePvalueswere<0.2 in theunivariate analy-

sis. Statistical analyses were performed using SPSS

version 11.5 (SPSS Inc., Chicago, IL, USA) software.

RESULTS

Descriptive epidemiology

Of the 44 cases generated by source cases 1, 3 and 4

during the period under study, 36 (82%) were suc-

cessfully recruited, six were too ill to be interviewed

and two died before they could be interviewed. A total

of 50 HCWs working in the same wards as the cases,

with history of exposure but who did not develop

disease, were included in the control group.

The demographic and epidemiological character-

istics showed that the two groups were comparable
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except for a higher proportion of Chinese than non-

Chinese in cases (Table 1).

Univariate analysis

Compared to the control population, a small and

marginally significant elevation of the crude odds ratio

(OR) for SARS was found for Chinese compared with

non-Chinese (OR 2.4, 95% CI 1.0–5.9, P=0.048)

(Table 1). Contact with respiratory secretions sub-

stantially and significantly increased the odds of

SARS (OR 6.9, 95% CI 1.4–34.6, P=0.02) (Table 2).

A very large reduction in odds was achieved by con-

sistent hand washing after patient contact (OR 0.06,

95% CI 0.007–0.5, P=0.03). A large and highly sig-

nificant reduction in odds was also achieved by the

Table 1. Univariate analysis of demographic and epidemiological characteristics

Cases (n=36) Controls (n=50)
Crude OR
(95% CI) P value*n (%) n (%)

Gender
Female 32 (88.9) 49 (98.0) 6.1 (0.7–57.3) 0.16
Male 4 (11.1) 1 (2.0)

Ethnic group

Chinese 20 (55.6) 17 (34.0) 2.4 (1.0–5.9) 0.04
Non-Chinese 16 (44.4) 33 (66.0)

Age group (years)
<30 23 (63.9) 28 (56.0) 1.4 (0.3–1.7) 0.5
30+ 13 (36.1) 22 (44.0)

Presence of comorbid condition 6 (16.7) 9 (18.0) 0.9 (0.3–3.2) 0.9
History of vaccination in previous
5 years

19 (52.8) 26 (54.0) 1.03 (0.4–2.7) 0.9

Category of health-care worker
Doctors and nurses 26 (72.2) 39 (78.0) 0.7 (0.3–1.9) 0.5

Other health-care workers 10 (27.8) 11 (22.0)

* Using x2 or Fisher’s exact test.

Table 2. Univariate analysis of factors associated with transmission of SARS to health-care workers

Cases (n=36) Controls (n=50)

Crude OR
(95% CI) P value*n (%) n (%)

Distance to source of infection
<1 m 32 (88.9) 45 (90.0) 0.9 (0.2–3.6) 0.9

Duration of exposure (min)
60+ 21 (58.3) 24 (48.0) 0.7 (0.3–1.6) 0.4

Wearing of N95 mask 3 (8.3) 23 (46.0) 0.1 (0.03–0.4) 0.001

Wearing of gloves 10 (27.8) 22 (44.0) 0.5 (0.2–1.2) 0.1
Wearing of gown 5 (13.9) 13 (26.0) 0.5 (0.1–1.4) 0.2
Touched patients 29 (80.6) 40 (80.0) 1.0 (0.4–3.0) 0.9

Touched patients’ personal
belongings

28 (77.8) 43 (86.0) 0.6 (0.2–1.7) 0.3

Contact with respiratory secretions 8 (22.2) 2 (4.0) 6.9 (1.4–34.6) 0.02
Performed venepuncture 30 (83.3) 40 (80.0) 0.8 (0.3–2.4) 0.7

Performed/assisted in intubation 2 (5.6) 4 (8.0) 1.5 (0.4–5.4) 0.6
Performed suction of body fluids 8 (22.2) 11 (22.2) 1.01 (0.4–2.8) 1
Administered oxygen 7 (19.4) 10 (20.0) 1.0 (0.3–2.8) 1

Hand washing after each patient 27 (75.0) 46 (92.0) 0.06 (0.007–0.5) 0.03

* Using x2 or Fisher’s exact test.
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wearing of N95 masks when attending to patients

(OR 0.1, 95% CI 0.03–0.4, P=0.001) (Table 2).

Wearing of latex gloves (OR 0.5, 95% CI 0.2–1.2,

P=0.1) and gowns (OR 0.5, 95% CI 0.1–1.4, P=0.2)

each halved the odds of infection, although both

failed to achieve statistical significance.

Logistic regression analysis

The best fit was obtained by forward-entering the

following covariates into the regression model : gen-

der, ethnic group, wearing of N95 masks, wearing of

gloves, wearing of gowns, hand washing after each

patient contact, and contact with patients’ respiratory

secretions. The results (Table 3) show that contact

with patients’ respiratory secretionswas independently

and significantly associated with a greatly increased

odds of infection (adjusted OR 21.8, 95% CI 1.7–

274.8, P=0.017). Conversely, hand washing after

patient contact was strongly protective (adjusted OR

0.07, 95% CI 0.008–0.66, P=0.02), but wearing of

gloves and gowns had no demonstrable effect. Wear-

ing of N95 masks during each patient contact was also

strongly protective, with an adjusted OR of 0.1 (95%

CI 0.02–0.86, P=0.04).

DISCUSSION

In this study, no adjustment was made for the effect

of ‘superspreaders ’ – who featured strongly in the

Singapore outbreak – nor for any decrease in in-

fectiousness over successive generations of cases : all

exposures were treated as equivalent, regardless of

timing within the outbreak or source of infection. An

inherent limitation of this study was that viral load

measurements were not available for any of the

patients in TTSH. Data on times of first and last ex-

posure were also incomplete: time of first and last

exposure were missing for 78 (83%) and 65 (69%) out

of 94 subjects. Variations in viral load may explain

the wide range of infectiousness observed across

patients and across outbreaks. Fluctuations in viral

load and shedding during the clinical course may

be associated with varying infectiousness during the

clinical course of SARS. However, we encountered

difficulty in our study with obtaining precise exposure

history from subjects, some of whom had tended

more than one patient, and all of whom had imperfect

recall of an extremely stressful period. We felt this

would have limited the value of any analysis of

transmission risk by time of illness of the source

patient or time of exposure of the contact patient.

Although we analysed for differences in risk between

long and short exposure durations and small and

large distances from source, the failure to detect any

effect is not surprising given the undoubted subjec-

tivity and imprecision with which study subjects

generally estimate time and distance.

It is unlikely that ORs of this magnitude could

result primarily from recall bias relating to protective

measures. Given the climate of anxiety and uncer-

tainty that prevailed, it is likely that performance of

risky procedures and omissions of PPE would have

been equally salient to both cases and the controls.

Moreover, the study was conducted almost contem-

poraneously with the outbreak, whereas confirmatory

serology was only available later, thus minimizing the

information bias to which retrospective studies are

otherwise susceptible.

In this study, a history of contact with respiratory

secretions from an infected patient was associated

with a 22-fold increased odds of infection for the at-

tending HCW. Hand washing after attending patients

was found to be strongly protective with a 15-fold

amelioration of odds. The finding that wearing of

gloves and gowns separately halved the odds of

infection in univariate analysis yet failed to achieve

statistical significance in multivariate analysis may be

attributed to insufficient sample size. We also believe

that, whereas this study accepted at face value subject

responses on donning gloves and gowns, there exists

broad variation in actual compliance to proper infec-

tion control technique, which we were unable to

Table 3. Multivariate analysis of factors associated

with transmission of SARS to health-care workers

Covariate Adj. OR* 95% CI P value

Gender

Male 2.9 0.2–34.0 0.4
Ethnic group
Chinese 2.0 0.7–6.1 0.2

Non-Chinese#
Wearing of N95 mask 0.1 0.02–0.9 0.04
Wearing of gloves 1.5 0.3–7.2 0.6

Wearing of gowns 0.5 0.4–6.9 0.6
Hand washing after
each patient

0.07 0.008–0.7 0.02

Contact with
respiratory secretions

21.8 1.7–274.8 0.017

* Adjusted odds ratio by forward-enter logistic regression.
# Reference category.
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elucidate in this study. In the study by Seto et al. in

Hong Kong [18], protection from gloves also failed to

achieve statistical significance, but both gowns and

hand washing were found to be protective. Much

emphasis is presently given to droplet spread as the

principal route of transmission for SARS, and to

droplet precautions as the main protective measure.

This study provides evidence for contact, both direct

and indirect, with respiratory secretions or body

fluids, as an additional major risk factor in the hos-

pital setting. While the wearing of gloves and gowns

should not be downplayed, this is a timely reminder of

the importance of hand washing, as espoused by

Semmelweis in the 19th century [21], albeit this time

with the focus shifted to self-protection.

Consistent with the finding of the Hong Kong

study, we found that wearing a mask was associated

with a ten-fold lower odds of SARS. Although the

local recommendation was for N95 use, this finding

may simply attest to its effectiveness as a barrier to

droplet spread rather than to the importance of air-

borne spread. Prolonged aerosol-generating proce-

dures such as nebulization were not performed for

any of the index cases, and there was no significant

difference in the distribution of suctioning, intubation

and oxygen administration between cases and con-

trols. Within our study, given the 15-fold protective

effect observed for hand washing, an OR of 0.1 seems

almost negligible. However, this estimate of effect is

not very different from the Hong Kong study, where

failure to wear a mask was associated with an

increased OR for SARS of 13.

Given that the index cases in Singapore were ethnic

Chinese who had travelled to Hong Kong, the slightly

higher odds of SARS we observed for Chinese over

non-Chinese HCWs is most plausibly attributed to

the tendency of patients to seek to communicate in

their mother tongue, rather than to any genetic pre-

disposition.

In summary, these results provide confirmation that

personal protective measures against droplet spread

and contact with body fluids are effective against the

nosocomial spread of SARS. Although SARS is

viewed as being primarily spread by droplet trans-

mission, this study additionally provides evidence

that direct and indirect contact with respiratory and

body fluids of patients is also an important, if un-

derrated, risk factor. It provides a timely reminder

of the importance of the long-advocated but oft-

neglected practice of hand washing between patient

encounters.
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